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DESCRIPTION OF PROBLEM
Consumers have increased their consumption and demand for eggs and liquid egg products [1] which include eggs in liquid, dried, and frozen form. These types of products provide consumers with benefits such as affordability, 1 Corresponding author: jcarey@poultry.tamu.edu convenience, and simplicity. However, this has increased awareness about egg yolk and albumen quality plus eggshell strength for egg processors and purchasers in the liquid egg industry. As a result, the entire egg industry has become more sensitive to overall egg quality and strategies that increase egg yields for liquid egg products and egg solids [2] .
Currently, liquid egg products are evaluated and marketed based on yolk and albumen solids content. This has become the main criteria for evaluating the commercial value of liquid egg albumen and yolk [3] . It is important to note that egg yolk is typically sold on a solids content basis or in dried form, and has a higher market value than albumen.
Increased egg component yield enables processors to produce more liquid mass from the same number of eggs, and sufficient shell strength reduces the incidence of cracked eggs [3, 5] . The eggshell provides a protective layer to the internal egg contents and acts as a defense against bacteria and pathogens [4] . It can be affected by nutritional, environmental and health factors.
The use of feed additives such as probiotics, prebiotics, and direct-fed microbials has been increasing as a result of consumer demand for a more "natural" product [6] as well as a reduction in the overall use of antibiotics. The objectives of this experiment were to assess the effects of a Saccharomyces cerevisiae fermentation metabolite product (FM) [7] on egg composition, component yield, and performance in commercial White Leghorn laying hens.
MATERIALS AND METHODS

Study Design and Animal Information
This study was conducted in accordance with an approved animal use protocol from the Institutional Animal Care and Use Committee at Texas A&M University. A total of 102, 15-wkold Hy-Line W-36 pullets [8] were individually caged and randomly assigned to groups of three consecutive cages (experimental unit) and assigned to one of two dietary treatments (n = 17 replicates per treatment) after a three-week acclimation period in which all groups were fed the control diet. Thereafter, the groups were equally split between two dietary treatments: Treatment 1) control diet with no FM (CON) or 2) control diet with FM at 1.25 kg/MT (FM). The birds were provided ad libitum access to feed and water for the duration of the study. A continuous feed trough was located at the front of the cages, and one nipple drinker was shared for every two cages. Hens were housed at the Texas A&M University Poultry Research Center (TAMUPRC) in individual cages in a tunnel ventilated laying facility with groups of three hens from the same dietary treatment sharing access to a common feed trough. Temperature was monitored by thermostats controlling supplemental heaters and fans plus evaporative cooling pads, as appropriate; target temperature was between 18 and 27
• C. The maximum daily photoperiod during lay was 15.5L:8.5D.
Diets were manufactured at the TAMUPRC feed mill. All diets were formulated to meet layer recommendations (Table 1 ) and were fed in mash form. Feed was stored in plastic-lined thirty gallon barrels labeled with the date, diet, and treatment code. At approximately 28 d intervals, a 2x batch of the control diet was mixed and split into two equal parts. The treated feed was returned to the mixer and an appropriate amount of FM was added and allowed to mix for ten min prior to storage in barrels. Composite feed samples from each feed mixing were collected and stored at -20
• C until submitted for proximate analysis. Feed added and feed remaining during each 28d period was monitored.
The experiment was conducted in three dietary phases. In phase one (15-18 wks of age) all birds were fed the control diet during this acclimation phase following movement to the lay facility. The inclusion of the experimental diet started on phase two (19-30 wks of age) and extended to phase three (31-53 wks of age).
Data collected during phase one included individual BW (15 wks) and feed consumption. Data collected during phases two and three included hen-day egg production, feed consumption, feed conversion and egg mass. During phase three (31-53 wks of age) eggs were sampled once weekly (20 sample days). For each experimental unit, average egg weight was determined. The egg nearest the experimental unit mean was selected for further determination of egg component weight, egg component yield, egg component solids, and egg component nitrogen. All eggs were manually separated using a plastic egg separator. The yolk was tamped with a damp paper towel, to remove chalaza or adhering albumen, and then weighed. To calculate albumen yield, the weight of the yolk and shell with shell membranes intact was subtracted from the whole egg weight. Liquid albumen and yolk were pooled by treatment. Pooled liquid albumen and yolk were homogenized using an upright, hand-held household blender for eight, five-second pulses to reduce froth. Solids were determined by drying 50 aliquots of yolk (5 mL) and albumen (10 mL) per treatment on each sampling day at 100
• C for 24 h. After the drying process, solid residue was pooled and samples were taken from each dried yolk (85 mg, 24/treatment) and albumen (35 mg, 12/treatment) pool for determination of nitrogen content 
Statistical Analysis
All data was analyzed via ANOVA utilizing the General Linear Models procedure of SAS [10] with the main effects being diet, date, week and replication. Mean differences was separated via the PDIFF option, which uses pairwise t tests, of the General Linear Model option. Least squares means and standard errors were determined.
RESULTS AND DISCUSSION
Production performance parameters (Mean ± Standard Error) including hen-day (HD) egg production (%), hen-day egg mass (g/HD), feed Table 2 . Hen-day egg production (%), hen-day egg mass (g/hen-day), feed consumption (g/hen-day) and feed conversion (feed: egg) for commercial white leghorns fed a diet with and without FM from 19 to 53 weeks of age. consumption (g/HD), and feed conversion (feed: egg) are presented in Table 2 . Both hen-day egg production and egg mass from 19-53 weeks of age were not significantly (P = 0.4263 and 0.5109, respectively) influenced by the FM through 35 weeks of lay. Only one mortality occurred throughout the trial. The effect of a wide variety of fermented or microbe-based feed additives (FMA's) on egg production has been increasingly studied in recent years. There are studies in the literature that have evaluated the ability of these various types of feed additives to influence egg production and these studies have yielded variable effects. Significantly higher levels of egg production were observed for hens given feed with Lactobacillus acidophilus supplementation [11] . The addition of Fermacto R in laying hen feed significantly increased egg production [12] . A Bacillus-based feed supplement tested did not significantly influence egg production for Hy-Line W-36 laying hens [13] . Likewise, it was concluded that Saccharomyces cerevisiae did not have a significant impact on layer egg production [14] . The addition of a fermented soybean product (natto), supplemented in layer diets did not result in improvements in egg production [15] . A Saccharomyces cerevisiae and Bacillus probiotic did not significantly affect laying hen egg production [16] . Egg production was not affected by the fermentation product Fermacto R [17] . The absence of a common positive or negative impact of FMA's in various trials can be attributed to variability in a number of factors such as: age, breed type, diet, inclusion rate, environmental conditions and length of experiment. Former research results are variable in regard to the impact of FMA's on egg mass. A significant increase in laying hen egg mass as a result of feeding Fermacto R was reported by Harms and Miles [12] . Hosseini et al. [14] reported that yeast supplementation increased egg mass, though not significantly. A Bacillus feed supplement did not significantly affect egg mass [13] . Dizaji and Pirmohammadi [16] reported that the use of a probiotic did not have a significant effect on egg mass for laying hens.
In this study, feed consumption for hens fed the FM diet was significantly greater than that of hens fed the control diet (102.7 and 100.6 g/HD, respectively; P = 0.0088). The impact of FMA's on feed consumption reported in the literature is also variable. An increase in feed consumption was observed as a result of the addition of a fermented feed supplement [12, 17] . Hosseini et al. [14] reported that laying hen feed intake was not impacted by yeast supplementation in the diet. Mahdavi et al. [13] concluded that the probiotic feed supplement tested did not significantly affect laying hen feed consumption. Dizaji and Pirmohammadi [16] reported that probiotic use did not have a significant effect on laying hen daily feed consumption. In the current study, feed conversion (feed: egg) was also significantly higher for hens fed the FM diet compared to the control hens. We hypothesize that this effect is due to the significantly higher feed consumption compared to the CON. In regards to the impact of FMA's on feed conversion, Grimes et al. [17] reported that the inclusion of a fermentation product in the diet enhanced feed conversion for both young and old layer hens. Haddadin et al.
[11] concluded that Lactobacillus acidophilus improved feed conversion in laying hens. A Bacillus-based probiotic feed supplement did not significantly alter feed conversion in HyLine layers [13] . A fermented product (natto) did not improve the feed conversion of laying hens [15] . Dizaji and Pirmohammadi [16] reported that probiotic use significantly increased feed conversion for laying hens.
In the current experiment, BW at 15 wks of age ranged from 1041 to 1043 g and was not significantly different between the treatments (P = 0.8999).
Absolute egg weight and egg component weight and relative percentage of egg components (Mean ± Standard Error) are presented in Table 3 . No significant differences (P = 0.2295) were observed between treatments for egg weight (61.9 vs 62.6 g for CON and FM, respectively). For egg component weights, no significant differences were observed between the treatments for albumen (P = 0.0637) or shell (P = 0.5975). Some studies have demonstrated the ability of various FMA's to either increase [18] , decrease [16] or have no effect [13, 14, 15, 17, 19 ] on egg weight.
Yolk weight was significantly higher (P < 0.0001) in eggs from hens fed the FMA diet compared to CON fed hens (Table 3) . Fujiwara et. al [15] reported higher yolk weights in FMA fed hens. Albumen yield decreased significantly (P < 0.0001) with inclusion of FM in the diets while yolk yield increased significantly (P < 0.0001) as level of FM increased. No significant effects were observed between treatments for shell yield (9.83 vs. 9.80% for CON and FM, respectively).
Percentage yolk and albumen solids and percentage yolk and albumin nitrogen (Mean ± Standard Error) are presented in Table 4 . Yolk solids were significantly greater (P < 0.0001) in eggs from hens fed FM compared to CON. Yolk nitrogen was significantly lower (P < 0.0001) in eggs from hens fed the FM diets compared to CON. Albumen solids were numerically identical between the treatments but albumen nitrogen was significantly higher (P = 0.0003) in eggs from hens fed the FM diets compared to CON.
As with egg composition there is a general lack of consistent results when FMA's are used on laying hens in terms of productive performance. A wide variety of factors including diet, strain, environment and age, may influence laying hen performance and thus the impact of a feed additive. In addition, the functional structure and natural properties of the feed additives herein classified as FMA's are very different and therefore give rise to different levels of results.
CONCLUSIONS AND APPLICATIONS
1. The inclusion of FM at 1.25 kg/MT resulted in significant (P < 0.05) differences in yolk weight, yield and solids when compared to CON. Additionally, a concomitant decrease in yolk nitrogen and increase in albumen nitrogen was observed in the hens fed the FM. 2. FM did not result in significant (P > 0.05) differences in egg production rates between 0-35 wks of lay compared to CON; but resulted in significantly increased feed consumption and significantly higher feed conversion rates. 3. The inclusion of FM at 1.25 kg/MT in the diet of laying hens can be useful in flocks producing eggs for the liquid market by allowing the production of greater quantities of yolk, yolk solids and/or albumen nitrogen.
